task for the pilot, would be very useful.
Various studies have indicated that a fundamental optical flow parameter, called tau, is used in nature, both by humans and animals, for the guidance of motion. If such a parameter is used by a flight control system for the guidance of motion of a helicopter, then this might result in a flight control system that generates a natural movement, similar to what a normal pilot would try to achieve.
Research performed at Liverpool University on optical flow theory in low-level helicopter flight and fixed wing approach and landing (Jump and Padfield 2005; Padfield, et al. 2007 and Padfield, Lee et al. 2001) has already shown that pilots use the so-called 'τ-coupling' in flight control. Besides performing automatic deck landings, the flight control system should be able to provide torque envelope protection throughout the manoeuvre.
The first aim of this paper is the development of a control system that is capable of performing automatic deck landings with the Bell 412 ASRA whilst providing torque envelope protection. A novel control strategy based on optical flow theory will be used to achieve this. The purpose of this is to make the landing system behave in a natural way, similar to an actual pilot. The second aim is to apply the same control technique on a different helicopter for a different task in order to prove the generality of the control technique.
The FLIGHTLAB Generic
Rotorcraft, a nonlinear helicopter model similar to the UH-60 Black Hawk is chosen for
this. An automatic control system will be designed that performs the lateral repositioning mission task element (MTE) with this helicopter. The choice for this particular helicopter model and manoeuvre is quite arbitrary. Based on this work, Lee (1998) introduced the variable 'tau of a gap', which is defined as:
The time it would take the gap to close at the current closing rate.
The gap can be either spatial gap (such as distance, angle) or a force gap. The tau of a gap can also be written as an equation. The tau of a gap is essentially the time it will take until the gap is reduced to zero at the current rate. In the context of this paper, spatial gaps are under investigation. Lee hypothesised that the tau of a motion gap is coupled to an intrinsic tau guide.
In which the intrinsic tau guide is a function of time (Lee 1998, Padfield, Lee and Bradley
Where T is the total duration time of the motion and k defines the profile of the motion Later, a more general intrinsic tau guide was proposed (Rieser et al., 2005) .
( ) The reader must bear in mind that tau-control can be applied to many more situations. The philosophy behind using optical flow theory as the basis of a flight control law is that it represents how a human pilot would actually perform the manoeuvre. 
Fig. 4.1: Simulator view of Type 23 Frigate
The requirements for this manoeuvre are defined in the deck landing MTE (Appendix A). Two additional requirements are also specified. First, the mast torque should be protected by the flight envelope protection system. Second, the vertical positioning during the manoeuvre should be performed in a natural way by using tau-control. The term natural is quite subjective and it will therefore be difficult to judge whether a manoeuvre is performed in a natural fashion. However, the flight profile can be compared to the gap closure profiles presented in Section 2 and a test-pilot can comment on the profile. 
Heading control is achieved with a simple proportional control system by feeding back the heading angle. The error between the desired heading angle and the measured angle is multiplied with a proportional gain to create a yaw rate reference signal. This latter signal is limited to prevent yaw rates which are too high. The system is schematically represented in figure 4.3. 
.5: Handling Qualities Ratings basic heave axis control law
The handling qualities ratings are improved from level two to level 1 for all levels of aggressiveness. Two factors played a major role in this result. First, the pilot did not have to monitor mast torque anymore due to the envelope protection system. This greatly reduced the workload. Second, the response type was changed to a height rate command system which made the control strategy more straightforward. Next, the tau-control system was applied to this basic control law to allow control over the altitude (Fig. 4 .6). A saturation limit is introduced in the tau-control vertical positioning system to prevent large height rate commands.
Fig. 4.6: Height control using tau theory

Results
The automatic landing system, described in the previous section, was tested in a real-time initiated. The desired duration time T specified was 7 seconds and the factor k was set to 0.7.
It was observed from several manual deck landings that these values are appropriate.
The total duration time influences the maximum descent rate and the factor k set at 0.7 implies that there is a velocity at touch down. However, the controlled axis is different, as well as the helicopter type. 
Control law
ADS-33E-PRF requirement HQ level
Inter-axis coupling
Pitch due to roll for aggressive agility 1
Roll due to pitch for aggressive agility 1
Yaw due to collective for aggressive agility 1
Small amplitude changes
Roll Overall, it can be concluded that the lateral repositioning MTE is performed successfully and the flight control law functions as desired.
This verifies that tau flight control can be used not only for vertical control as shown in Section 4 but also for lateral control. In principle, the method is applicable to any rotorcraft type and to any 'gap' that needs to be closed. A nice feature of the system is that it does not need to be tuned. Only the total duration time and profile of the manoeuvre should be provided and then it will work. 
